Persistent or chronic pain is the primary reason people seek medical care, yet current therapies are either inadequate for certain types of pain or cause intolerable side effects. Recently, pain neurobiologists have identified a number of cellular and molecular processes that lead to the initiation and maintenance of pain. Understanding these underlying mechanisms has given significant promise for the development of more effective, more specific pain therapies in the near future.
Why Is Pain a New Frontier of Science?
The onset of the 21st century is an incredibly exciting time in pain biology. Information from recent studies in basic pain research is virtually exploding and has revealed numerous novel targets for the advent of new pain therapies. Major advances have occurred at levels spanning from molecular studies that have identified transduction proteins in nociceptors to cortical imaging studies which reveal how pain is experienced on a cognitive level (2, 3) . Two key lines of discovery have been (i) molecular͞cellular transduction mechanisms and (ii) neuronal plasticity.
Molecular͞Cellular Mechanisms
Elegant molecular genetic studies conducted in the past few years have now enabled us to identify specific molecules that are involved in the processes of pain transduction. A giant step forward came with the identification of proteins called vanilloid receptors, which allow us to detect noxious heat (4, 5) . The VR1 protein is a heat transducer because it converts thermal energy into an electrical signal (action potentials) that is sent to the central nervous system, enabling us to detect a stimulus as painfully hot. Without the VR1 receptor, one does not effectively detect noxious heat, particularly in the setting of inflammation (6, 18) . Recently, basic pain researchers have identified a number of transduction molecules that will clearly be key targets in developing pioneering pain therapies (7) .
Neuronal Plasticity
Plasticity is a term used to refer to changes that occur in the established nervous system. Changes in neuronal structure; connections between neurons; and alterations in the quantity and properties of neurotransmitters, receptors, and ion channels can ultimately result in increased functional activity of neurons in the pain pathway. Conversely, plasticity can decrease the body's own pain inhibitory systems, resulting ultimately in increased pain. Injury, inflammation, and disease can all cause neuronal plasticity and increased pain by means of increased excitatory or decreased inhibitory mechanisms. Plasticity can result in short-term changes that last minutes to hours, or long-term changes which may be permanent.
Why Focus on the Primary Afferent Neuron?
Pain transduction and perception is extensive and complex, involving fundamental biological events at multiple levels of the nervous system ( Fig. 1 ). Our Frontiers of Science session was not intended to be a comprehensive review of the latest findings at all levels of the pain pathway. Instead, we focused on the place where sensation of pain is initiated, the primary afferent nociceptor. Nociceptors are a subpopulation of primary sensory neurons that are activated by ''noxious'' stimuli, i.e., stimuli that can produce tissue damage. Compelling evidence suggests that plasticity in nociceptors contributes substantially to the increased pain one feels in the presence of injury. Plasticity in nociceptors is critical for both the development and maintenance of plasticity in the central nervous system (2) . That many receptors and ion channels recently identified are found specifically in nociceptors makes these proteins very good targets for eliminating pain without inducing side effects. Finally, the accessibility of the peripheral nervous system makes nociceptors a logical target for the development of novel therapeutic interventions.
Do Specific Types of Nociceptors Mediate Different Types of Pain?
Nociceptors are extremely heterogeneous, differing in the neurotransmitters they contain, the receptors and ion channels they express, their speed of conduction, their response properties to noxious stimuli, and their capacity to be sensitized during inflammation, injury, and disease. Significant progress toward alleviating pain will occur if we are able to achieve the following goals: (i) determine the function of these different subpopulations of nociceptors, (ii) determine whether specific subpopulations mediate distinct types of pain, and (iii) identify what cellular and molecular targets are altered on specific populations of nociceptors during different types of pain. Ultimately, these aims will allow the development of novel pain therapies that target specific mechanisms on identified populations of nociceptors.
Nociceptors can be divided into two general types. A-fiber nociceptors have lightly myelinated axons, conduct action potentials rapidly, and have medium-to large-diameter cell bodies. A-fibers mediate the fast, pricking quality of pain. C-fibers have unmyelinated axons, conduct action potentials slowly, and have smalldiameter cell bodies. C-fibers mediate the slower, burning quality of pain. C-fibers comprise around 70% of all nociceptors. Two classes of C-fibers have been identified. One class contains a variety of neuropeptides, including substance P and calcitonin gene-related peptide, and expresses trkA receptors, the high-affinity receptor for nerve growth factor (8) . These neurons project to the outermost region of the spinal dorsal horn (lamina I and outer lamina II) and terminate largely on spinal neurons that project to higher-order pain centers in the brain (Fig. 1) . The other class contains few neuropeptides but expresses a surface carbohydrate group that selectively binds to a plant lectin called isolectin B 4 (IB 4 ). This subpopulation of neurons is supported by glial-derived neurotrophic factor during early postnatal development (9, 10) . The IB 4 -binding neurons project to a different region of the spinal dorsal horn (inner lamina II) that contains primarily local spinal interneurons. Important questions are whether these two types of nociceptors have different functional responses to painful stimuli and whether they have distinct roles in specific types of pain.
We use isolated sensory neurons to examine the response properties of nociceptors to painful stimuli. By using patch-clamprecording techniques, we found that IB 4 -positive nociceptors have larger magnitude voltage-gated sodium currents. In contrast, IB 4 -negative nociceptors had larger noxious heat-induced ion currents, suggesting that IB 4 -negative nociceptors are the nociceptors that respond intensely to noxious heat (11) . In addition, IB 4 -negative nociceptors are much more responsive to noxious chemicals that are elevated during inflammation, including low pH and serotonin (C.L.S., unpublished data). One hypothesis, which remains to be tested, is that IB 4 -positive nociceptors mediate neuropathic pain, whereas IB 4 -negative nociceptors mediate inflammatory pain (12) .
Why Is Morphine Ineffective in Treating Nerve Injury Pain?
Opioid analgesics such as morphine are universally regarded as the most powerful pain-relieving drugs. Morphine acts through the -opioid receptor to inhibit signals that transmit pain (13) . Pain that follows direct injury to a peripheral nerve is called neuropathic pain. Unfortunately, it is still not known what mechanisms underlie this prevalent pain syndrome. Neuropathic pain is an anomaly because it is insensitive to morphine as well as other opioid drugs and is currently best managed with antidepressants and antiepileptics (14) . Neuropathic pain may be insensitive to morphine because damage of primary afferent nerves results in decreased expression of -opioid receptors on nociceptors and spinal neurons in the pain pathway, thus reducing the efficacy of morphine (15) . In addition, other substances may modulate the efficacy of morphine. For example, when the neuropeptide cholecystokinin (CCK) is applied to the spinal cord, it reduces the inhibitory effects of morphine (16) . At the cellular level, -receptors and CCK receptors are expressed in the same spinal neurons, suggesting that CCK may directly inhibit actions of morphine by means of signaling mechanisms within a given neuron (17) . Furthermore, activation of -receptors increases release of CCK neuropeptide, which then reduces the effectiveness of morphine in a feedback manner (17) . Thus, multiple mechanisms, including decreased -receptors and increased CCKinduced inhibition of morphine, make opioids ineffective in treating neuropathic pain.
Understanding the molecular and cellular mechanisms that underlie the initiation of pain and the development and maintenance of plasticity in primary afferent and spinal neurons will undoubtedly reveal novel targets for the discovery of more effective, more specific pain therapies. This work was supported by National Institutes of Health Grants NS40538-01 (to C.L.S.) and NS36929 (to M.S.G.), and by Nature Science Foundation of China Grant 39840160 (to X.Z.). 
